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PREFACE 
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PROGRESS ON THE PREPARATION AND CHARACTERIZATION OF SOME ALKYNEDIOL OXALATE 

POLYMERS 

INTRODUCTION 

y 1 The mechanism and effects of the interaction of high energy laser 

radiation with polymeric materials are of great  interest to the military.    One 

application  is in the area of personnel protection  from the hazards of directed 

energy weapons  (DEW) . 

Srinivasan and Leighl have studied  the action of far-ultraviolet laser 

radiation on poly(ethylene terephthalate)   (PET)   films.     Irradiation of the  film 

caused etching of the surface of PET and  formed gases such as CO, C02,  H2 

and volatile organics such as benzene.    The absorption of laser radiation  leads 

to a very high concentration of  free radicals  in  the surface  layers of the  PET 

film shortly afterward.    The photoproducts   (possibly in vibrationally excited 

states)   are  then ejected  from the  film surface and probably carry away the 

excess energy of the photon pulse.    The  result  is  that  the photoetched  film 

undergoes no significant temperature  increase.     Srinivasan and  Leigh term this 

process an "ablation". 

Polyesters or polycarbonates should  afford a greater degree of protection 

from a CO2   laser than other  polymer  typesA   Oxalate esters should be even 

more attractive candidates as ablative polymers because  they absorb light at 

lower energies than ordinary esters2   ( X max  diethyl oxalate/  244  nm).    In 

addition,  on degradation  these  polymers will  release  two C02 units per repeat 

unit  rather  than one,  which may increase  the ablation energy per unit area of 

the polymer surface. 

Thermal degradation of an oxalate polymer    such as poly[(l,4-butane- 

diyl)oxalate] 1  should yield carbon dioxide and  the 1,4-butanediyl diradical. 

O    0 
II     II 

-|-C-C-0-CH2CH2CH2CH2-o4     —~ *    2 C02     ♦      -CH,CH,CH,CH, 

1 



We reasoned  that introduction of unsaturation into the carbon chain should 

increase the rate of this degradative process by stabilizing the initially 

formed diradical and providing a low energy pathway for its conversion into a 

stable volatile organic molecule.    A polymeric system with these properties 

should be a much more efficient ablative material.    An example of such a 

polymer is poly[l,4-(but-2-enediyl)oxalate] ,  2, whose degradation should yield 

1,3-butadiene in addition to C02. 

O     O 

C-C-0-CH2CH = CHCH2-0-f 
— n 

2C02   +    (-CH2CH = CHCH2-) 

t 
CH, = CH-CH = CH. 

A related system is poly[(l,4-but-2-ynediyl)oxalate] ,   3/ which might 

yield butatriene  in addition  to CO2. 

O    O 
II     II 
C-C-0-CH2C = CCH-0 -- 

_ n 

-  2C02  ♦ (•CH2C=CCH2-) 

t 
CH,= C= C =CH2 



RESULTS AND DISCUSSION 

This report will focus on synthetic approaches to oxalate polymers 

containing triple bonds such as 3. While a very large number of linear 

polyesters have been prepared since the work of Carothers/3 only a few linear 

polyesters containing triple bonds have been synthesized. One of the reasons 

for this is that synthesis of such linear polyesters is complicated by side 

reactions leading to crosslinking .4 

Three possible methods for the preparation of oxalate polymers were 

considered. These three approaches are slown below, using polyoxalate ^3 to 

illustrate. 

OO 
I! II 

HOCH2CECCH2OH      *        EtOCCOEt EtOH 

0 0 
♦ .    'I   I'    - 

CICH?C = CCH2CI       *      K    OCCO    K KCI 

HOCH2C=CCH2OH       M?rMH    >      M+ "OCH2 CS C CH20'+M 
M = Na, K 
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CJC CCI 

MCI     +     3 



A transesterification procedure has been developed by E. Stickles,  S. 

Weininger, and D. Remy5 and used  to prepare a number of different polyox- 

alates.    A slight modification of this procedure was used to prepare 3. 

Equimolar amounts of 2-butyne-l,4-diol* and diethyl oxalate and approx.  1%  of 

stannous octanoate catalyst  (no reaction occurred  in the absence of catalyst in 

this case)  were heated at 90-100°C for 6  hr. with a stream of N2 bubbling 

through.    The reaction mixture was then placed in a vacuum oven at 90°C/0.1mm 

for 16 hr.    The polymer was precipitated by dissolving  the viscous brown liquid 

in acetone and adding  the acetone solution  to an excess of hexane.    The cream- 

colored polymer 3 was washed several  times with hexane.    The yield of 3 was 

75%.    On heating, the product melted between 70 and 90°C an<^    effervesced 

above 140OC,   possibly indicating  further polymerization.    The infrared 

spectrum of 3 showed a strong carbonyl stretch at 1750 cm-1.    The proton MIR 

spectrum (acetone-d6)  of 3 shows that the polymer molecules are capped with 

both alcohol  and ethyl ester groups.    NMR assignments are as  follows: 

Jl.34 
H. 
SU.34 

CH3CH20 

OO 
11  « C COCH2C=CCH20 

V£5.0 5_7   " 

°||^4.97 63.39 
C COCH2C = CCH2OH 

n " S 4.2 4 

End group analysis by WMR  integration  indicates  that   there are an average of 

six  repeat  units per molecule and   that  the average molecular weight  is less 

than 1000. 

The   low degree of polymerization  seen  here was also observed by Stickles 

et al.  in  the NMR end group analysis of oxalate polymers 1 and 2 prepared  by 

transesterification.     Feit,  Raucher and  Zilkha4  also report low molecular 

weights  in  the  preparation of acetylenic  polyesters. 

Two other problems have  been encountered with  the  transesterification 

method of synthesis.    An attempt was made  to prepare poly[l,6-(hexa-2,4-diyne)- 

diyloxalate] 4  by transesterification of diethyl oxalate and hexa-2,4-diyne- 

1,6-diol.    When the reaction mixture was heated  in the vacuum oven at 80°C, 

the sample detonated.    Apparently the diacetylenic polymer 4  is much more 

thermally labile than 3 and does not survive the temperatures required for the 

♦Commercial  2-butyne-l ,4-diol is impure and may be purified by the procedure 

described  in reference 4 or by several recrystallizations from ethyl acetate 



reaction to proceed  to completion.    In addition, attempts to prepare oxalate 

polymers in which the diol contains a secondary or tertiary alcohol have been 

unsuccessful,5 presumably due to the increased steric hindrance. 

Because of  these difficulties with the transesterification method it was 

decided  to  investigate the other two possible synthetic methods.    The reaction 

of potassium oxalate with 1,4-dichloro-2-butyne should give 3 and KCl. 

However,  the difficulty here is dissolving  both reagents in a solvent medium. 

An attempt was made  to carry out a reaction between  l,4-dichloro-trans-2-butene 

and   anhydrous potassium oxalate  in the presence of a crown ether.    However, 

potassium oxalate did not dissolve in dioxane even after two equivalents of 

18-crown-6  had  been added.    Nonetheless,   the dichloride was added,  but no 

reaction occured. 

Attention was  then  turned   to  the  third possible  synthetic method, 

conversion  of  the diol  into a dialkoxide salt  followed  by addition of oxalyl 

chloride.     It was  thought that  since  this reaction  should be much more 

exothermic   than  transesterification,  it would allow polymerization  to occur at 

lower temperatures and might afford  higher molecular weight  polymers.     In 

addition, secondary and tertiary diols might be able  to react since the 

reaction with oxalyl   chloride should not be nearly as sensitive  to steric 

effects. 

Conversion  of 2-butyne-l,4-diol   to  the  corresponding  dialkoxide proved  to 

be more difficult  than anticipated.    Reaction with sodium or  sodium hydride at 

room  temperature  in glyme or  tetrahydrofuran   (THF)   did  not give  significant 

quantities of dialkoxide.     It was decided   to check  for  the  formation of 

dialkoxide by quenching with benzoyl chloride. 

HOCH2C=CCH2OH 
1.2K/JHF/A 
2. V \N 

COCI 

o o 
I! II 
COCH2C=CCH2od 

/COCH2C=CCH2OH       ♦ KCl 



2-Butyne-l,4-diol was treated with two equivalents of potassium in refli 

THF followed by addition of two equivalents of benzoyl chloride.    After 

filtration  to separate the KCl/ the solvent was removed by spin evaporation in 

vacuo.    The resulting yellow oil was dissolved  in ether and washed  twice with 

saturated NaHC03.    After drying over MgS04,  the ether was evaporated to 

give an oil which proved to be a mixture of dibenzoate 5 and monobenzoate 6. 

The two compounds were easily separated by column chromatography on silica gel 

by eluting with chloroform.    The structures of _5 and 6 were confirmed by their 

NMR spectra  (CDCI3). 

ppm Multiplicity Integration 

8.10                      d 4H 

7.48 d of d 6H 

4.99 s 4H 

Assignment 

ortho-H 

meta and para-H 

CH2 

Monobenzoate 6: 

ppm Multiplicity Integration 

8.06        d 2H 

7.42        d of d        3H 

4.93        s 2H 

4.33        s 2H 

3.77        s 1H 

Assignment 

ortho-H 

meta and para-H 

CH2 (nearest ester) 

CH2 (nearest alcohol) 

OH 

The yields of dibenzoate 5 and monobenzoate 6 were 78% and 9.5%, respectively. 

When 2-butyne-l,4-diol was treated with two equivalents of potassium as 

before/  followed by addition of one equivalent of oxalyl chloride/ a viscous 

brown liquid was obtained that was identified as the desired oxalate polymer 3 

on the basis of the similarity of its IR spectrum (C=0 at 1750 an-1,  liq. 



film)  and NMR spectrum (acetone-d.-)   to the product  from the esterification 

procedure.    How*- ar, end group analysis indicated  that the product was of lower 

average molecular woight than that obtained by the  transesterification method. 

In addition/ attempts  to precipitate out the product were unsuccessful. 

An attempt ves made to prepare  the diacetylenic  polymer 4 via the 

dialkoxide method.    Hexa-2/4-diyn-l,6-diol was treated with potassium in 

refluxing  THF followed by addition of oxalyl chloride.    The major product from 

this reaction was a dark brown solid which was insoluble in water and a variety 

of organic  solvents.    It was concluded  that extensive crosslinking and/or 

reduction of the triple bonds had occurred.   It was  thought  that by using sodium 

hydride  rather  than  potassium to  form  the dialkoxide  that reduction of the 

triple bonds woul "*  be much less likely.    The  feasibility of using  sodium 

hydride  to generate  the dialkoxide was shown  by an  experiment  in which  treat- 

ment of  2-butyne-l ,4-diol with NaH in refluxing THF followed by addition of 

benzoyl  chloride gave   the dibenzoate  5 and  the monobenzoate 6  in approximately 

the same ratio as  the  procedure  using  potassium. 

SUMMARY AND CONCLUSIONS: 

It  has  proved possible  to  prepare poly[ (l,4-but-2-ynediyl Joxalate]   (3)   by 

transesterification  of but-2-yne-l,4-diol and diethyl  oxalate.    However,   the 

polymer  is of low molecular weight and  it  has been  found  that more  hindered 

secondary and   tertiary diols do not react.       In  addition,  the  temperatures 

required  for  the  reaction are  too  high  for  the   formation of  the diacetylenic 

polymer 4,  which  is apparently thermally labile. 

For   these  reasons an alternative  synthesis  involving  reaction of a 

dialkoxide with oxalyl  chloride was  investigated.     The method was shown  to be 

viable by reactions in which but-2-yne-l,4-diol reacted with sodium hydride or 

potassium in THF and was quenched with benzoyl choloride.    However,  in  these 

reactions a substantial amount of monosubstituted product was seen, indicating 

that a considerable amount of monoalkoxide was present  in addition  to the 

dialkoxide.    This may account  for the low molecular weight found  in the 

reaction with oxalyl chloride.    In addition,  the low degree of polymerization 

may be due  to  the very low solubility of the alkoxide  in THF. 



KBCCM4ENDATI0NS 

It is suggested  that the alkoxide method of oxalate polymer preparation be 

explored in more depth in order to improve yields and increase average polymer 

molecular weight.    Some possible changes in the procedures might be:    using an 

excess of sodium hydride or longer reaction time to ensure complete conversion 

to the dialkoxide, and  trying other solvents  (e.g. glyme,  DMF,  DMSO)  in which 

the dialkoxide might be more soluble than in THF.    Also, the reaction with 

2#4-hexadiyne-l/6-diol and with more hindered alcohols such as 3-hexyn-2,5-diol 

and 2/5-dimethyl-3-hexyn-2/5-diol should be attempted.    If these reactions can 

be made to proceed smoothly/ the dialkoxide method of synthesis will prove to 

be a useful method  for the synthesis of oxalate polymers. 

Thia  document   report»   research  undertaken  at   the 
OS Army  Natick  Research,   Development  and  Engineering 
Center  and  ha«  been  ««signed  No.   NATICK/TR-»»V°73 
in  the  aerie«  of  report!  approved  for  publication. 
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